The results were obtained with the naked eye and by the microscope and the microanalyzer.
was found to be about 50mm.
This vacuum furnace was used under a mild atmosphere of argon gas. The used argon gas purifier was described in detail in the previous report (1).
III. Experimental Procedure
About 90g of electrolytic iron and a suitable bored down vertically in the cylindrical solid iron, containing oxygen, at a point 5 min apart from the central axis of the cylinder. The hole was bored at the point apart from the center of the cylinder, because, though the specimens were cooled as rapidly as possible, we tried to minimize errors in the results due to the combination of the experimental results and the segregation of oxygen. Next the hole was degreased and cleaned with alcohol and ether, and then a pure alumnium wire (JIS 1st grade) was filled into the hole. This specimen was again put into the crucible used for preliminary melting, and the crucible was set on the support in the Tammann furnace. Then, the crucible support was lowered until the crucible was out of the heater; the atmosphere in the furnace was replaced with refined argon gas, and the furnace current was switched on. After the thermocouple inserted in the middle part of the heater showed a furnace held at that temperature, and the oxygen dissolved in the solid iron and the aluminum diffused into it were allowed to react for a given time and then the furnace current was switched off and the crucible support was lowered to cool the specimen very rapidly.
The specimen was cut into two species along the surface containing the central axes of the specimen and the hole, and was polished.
First, the specimen was observed with the naked eye and the microscope. analysis were applied for the determination of the inclusions.
IV. Experimental Results
The melting of specimens was carried out keeping the and with reaction times of about 1/2, 1, 2, and 3hours. First, the specimen obtained was polished and observed with the naked eye. The results are shown in Photos. 1(a) and (b) which were photographed by means of a 25mm and a 100mm extension tubes, respectively. According to this macroscopic observation, it is seen that the inclusions formed distinguishable layers near the interface between liquid aluminum and solid iron.
Next, this specimen was observed by the microscope and the results are shown in Photo. 2. Here the aluminum-rich part is on the left side and the iron-rich part is on the right side. According to Photo. 2, it is seen that these inclusions were much smaller than those formed during the deoxidation of liquid iron with aluminum. Also, the inclusions formed two distinguishable layers near the interface between the liquid aluminum and the solid iron, as noticed by the macroscopic observation, Photo. 1. be formed was investigated with respect to the segregation of oxygen, i.e. the distribution of wustite. In this case, there were no remarkable changes in the segregation in any parts of the specimens. Also, the specimens were checked from the viewpoint of the holding time of the specimen at the high temperature. In this case, the thickness of group (I) and the distance between groups (I) and (II) were detected to be almost constant regardless of the time, but the wustite inclusions shown in Photo. 2 (d) had a tendency to grow slightly with increase in holding time.
Next, the most interesting inclusions in the region shown in Photo. 2(b) were investigated by the microscope with a four hundred-fold magnification. Then, some inclusions comprising groups (I) and (II) were chosen at random and were analyzed by the microanalyzer. Whether the inclusions were alumina, spinel hercynite, or wiistite was determined by using the methods detailed in the previous report(4). The results are shown in Table 1 . There are many alumina inclusions among the inclusions comprising group (I), as shown in Photo. 3(d), but there are a considerable number of inclusions which seem to be spinel hercynite. On the other hand, the inclusions, belonging to group (II), as shown in Photo. 4, were usually so small that microanalysis of them was difficult. The results show that there are many alumina inclusions in the relatively larger inclusions However, inclusions considered to be spinel hercynite and non-reacted wustite also seem to exist in group (II). Also, inclusions with the intermediate compositions which seem to be in the midst of the reaction, were contained in group (II).
V. Discussion
First, the regions where stratiform inclusions groups (I) and (II) were formed, were referred to the phase diagram. The equilibrium diagram of the iron-aluminum system is shown in Fig. 2 (5) . As our specimens also contain oxygen, strictly speaking, the ternary system should be referred to. However, since the oxygen content is much lower than the other two components, iron and aluminum, it was neglected. The diagram shows that a solid exists till the aluminum exceeds a certain critical point, and then the oxygen solubility begins to increase -then the microscopic observation on the distribution of the inclusions comprising group (II) can be satisfactorily explained. This idea is very reasonable especially in view of the experiment which was conducted by Kusano et al. (13) in our laboratory and the fact that our experimental temperature was as high as that near the melting point. the solubility of oxygen is constant, but the distribution coefficient of oxygen between the solid and the liquid alloys still increases with increasing chromium content. Therefore, it can be concluded that the solubility of oxygen in solid alloy increases with increasing chromium content in the matrix, when the chromium content exceeds a certain content. Moreover, similarity between the activities in solid and in liquid has been reported on the solubility of sulfur in solid ferrosilicon alloy by Fielder (14) and others. Thus, it can be concluded that the solubility of oxygen in solid ferro-aluminum alloy changes similar to the behavior of the solubility of oxygen in liquid ferroaluminum alloy as shown in Fig. 3 . This allows a satisfactory explanation of the microscopic observation. On the other hand, what causes the formation of group (I) is still unknown. But, as group (I) existed in liquid region, according to Fig. 2 , it may be suggested that the oxide layer is formed on the surfaces of iron and aluminum, even under a mild atmosphere because of the presence of water adsorbed in the surfaces, etc., before the melting of aluminum. This, however, is not certain and is a problem that needs further study.
VI. Summary
The present work was aimed at obtaining knowledge about the formation of inclusions after solidification, and so aluminum was diffused into solid iron containing oxygen at high temperature, and the behavior of the inclusions formed during the deoxidation was investigated. The results may be summarized as follows:
(1) The macroscopic observation shows that the inclusions formed distinguishable layers near the interface between liquid aluminum and solid iron.
(2) It is known from the microscopic observation of the interface that the inclusions are much smaller than those formed during the deoxidation of liquid iron with aluminum, and that the inclusions group consists of two stratiform inclusions groups. There was a region between the two stratiform groups where few inclusions were formed. The distribution of inclusions forming group (II) can be satisfactorily explained by the idea that the isothermal solubility of oxygen in solid ferro-aluminum alloy increases with increasing aluminum content, when it exceeds a certain content,, i.e., on the basis of the discussion of the effect of chromium on the solubility of oxygen in solid ferro-chromium alloy.
(3) The inclusions belonging to group (I), where the aluminum content in the matrix is higher are larger than those belonging to group (II), and contain a special type of inclusions, such as loop type inclusions.
(4) The analytical results of the inclusions by the microanalyzer show that there are alumina and spinel hercynite in group (I), and that there are alumina, spinel hercynite, non-reacted wiistite, and inclusions with intermediate compositions, which exist midway between the other two formations, in group (II), though they were usually so small that microanalysis of them was difficult. Trans. AIME, 239 (1967), 260.
